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6. On Races and Hybrids among the Salmonidse.

—

Part III. By Francis Day.

[Beceived November 24, 1884.]

(Plates LVI. & LVII.)

On May 20th I read a paper before this Society 1 wherein I

detailed the results of some experiments made at Howietoun on the

breeding and hybridization of the Salmonidae. I now propose to

continue their history up to the middle of November this year.

It will be remembered that in December 1880 some ova and milt

were obtained from Salmon in the Teith, which were subsequently
hatched at Howietoun, and in their early life were kept in the
central wooden pond, from which they were transferred to pond
no. 7

2
- During the month of May 1884 16 jumped out of the

pond and were found dead, and in all their breeding-organs were
observed becoming well developed.

On August 28th an examination was made of pond no. 7, and a
grilse of 1 ^ lb. weight was removed. On being opened it proved to

be a female with its ova well forward, the largest being 0*1 of an
inch in diameter. The fish measured as follows :

—

inch.

Total length 14*1

Length of head 2 - 8
Length of pectoral fin I'D

Length of caudal fin 2 - 2

Height of body 3-2

Eyes, diameter 0-55

Eyes from end of snout - 8
Eyes, apart 11
Distance from snout to first

"1

dorsal fin j
57

112 rows of scales along the lateral line, 10 from the adipose

dorsal fin downward and forwards to the lateral line ; the rows of

scales from the head to the base of the first dorsal fin irregular in

their course. The longest outer caudal ray 2 - 2 inches, middle rays

1-0 inch ; length of the base of the first dorsal fin 1*6 inch, inter-

space between it and the adipose fin 3 - 4 inches. Caecal pylori 60,

the longest 0'8 inch. Colours —two large black spots behind the

eye, one on the upper portion of the preopercle and 2\ on' the

opercle ; numerous black spots on the body above the lateral line,

and anteriorly a few halfway down to the abdominal edge, and some

in one line posteriorly. Dorsal fin grey with a lightish edge, and a

1 See Proc. Zool. Soc. 1884, p. 376.
2 See Proc. Zool. Soc. 1884, pp. 20, 21.
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trace of an indistinct line of spots along its base. The other fins

more or less lead-coloured with light edges.

On October 4th I received from Howietoun a grilse 13 inches

long, which had either jumped out of the pond (no. 7) or been

dragged out by vermin, and was dead -when found. It was a female,

with the eggs 0"2 of an inch in diameter, or double the size of those

from the fish of August 2Sth. Colours —two irregular rows of

black spots existed along the base of the dorsal fin. An injury-

close to the pectoral fin was present, as if the fish had been bitten

by rats or injured by sea-gulls.

On November 7th a grilse 1| lb. weight was found lying almost

dead by the side of the pond ; some (over 100) apparently ripe eggs

were obtained from it, and the milt of a Lochleven Trout used to

fertilize them.

Prior to giving an account of how we found the young Salmo

salar going on, I should mention that pond no. 7, in which they

were located, is lined with wood at the sides and bottom, is 100 feet

long by 15 feet wide, 8 feet deep in the middle and 6£ at either

end, inside measure, while the supply received is from half to one

million gallons of water a day. Owing to the grilse constantly

jumping at the sides, wire-netting to one foot in height was fixed

around the edge of the upper half of the pond. About the middle of

October fungus appeared among the fish, apparently due to injuries,

as owing to the nature of the pond no suitable locality for depositing

ova is present, and it seemed as if the females were constantly jump-
ing in order to overcome obstructions 1

, and find a way to where they

could construct their beds. Owing to this injuries are occasioned,

and these seem sure to eventuate in fungus. The Limneece thrive

in this as well as in the other pond, but young Salmon do not seem
to eat them, whereas Trout or Char at once devour them.

November 14th, pond no. 7 had the water let off
2

, as it required

cleaning out and re-charring this year, the fish being in the mean
time transferred to the brook-trout pond, which has just been re-done

up, while its former inhabitants have been turned into the brook as

being too old to be worth keeping ; sixty-eight fish were transferred,

the majority being males. These fish showed all the gradations of
colouring, from the golden-banded parr to the silvery smolt wherein
parr-bands were visible in certain lights, up to grilse which possessed

milt or were distended with ova. Such examples as were in the
parr-livery were males, but silvery smolts with parr-bands and also

grilse had milt. Unfortunately the gravid females were to a great

extent affected by fungus consequent on injuries; still one gave about
two dozen eggs, which were milted from one of the males. Another
week or even fortnight would have to elapse before it will be practi-

cable to obtain eggs. Three which were too much injured to live,

1 This phenomenon is not restricted to migratory forms, as species of many
genera of the Carp family may be observed in Southern India or Sind springing
in the same way at the impassable weirs which cross some of the rivers up
which they ascend to breed.

- In the mud were many prides, Tetromyzon branchialis.
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were opened, and the ovaries were found quite distended with eggs, 1

almost ripe, but still just adherent. On looking at these fish in the
water, some were seen to have black spots over the bank as well as

on the sides, but others had not. For the last three weeks these fish

have been fed on young Lochleven Trout.

That Salmon may be reared in ponds, and in due time, if males,
give milt, has been universally admitted, but many have denied that
females can produce ova without first descending to the sea. Grilse
are well known to breed earlier in the cold season than do mature
Salmon ; this it has been surmised must be owing to their being fish

in which the time for propagating their species has been deferred for

a season, or from February or March until the commencement of
the following winter in October or November. Experiments at
Howietoun have shown that from Salmon-eggs hatched in March
1881 most of the male parr had milt in November 1883 ; while two
or three smolts which jumped out of the pond, and so met their
deaths, had ova which in suitable places 2 would have matured that
year. In 1884 all the females it appears would be ready to breed,
but did they do so in rivers and had to depend on male Salmon for
fecundating their ova, universal sterility would ensue, as the latter

fish breed later on in the winter season. The parr of Salmon are
not then normally ready for impregnating the ova of mature Salmon,
or "to mingle with the river-trout" as Ur. Giinther suggests, but
are available to fertilize the ova of the grilse.

We may well ask the question whether it is a physiological
necessity, as asserted by Rasch, for female smolts to descend to the
salt water before grilse can develop eggs? This theory is held by
some, and appears to be rather widely accepted. I have not con-
sidered it worth while to describe the grilse at Howietoun reared
from Salmon -eggs, but have kept specimens for reference ; conse-
quently I am in a position to maintain that from the eggs of the
Salmon, parr, smolts, and grilse with eggs have been reared in the
Howietoun pond.

Of course the views I have held and still hold, that Salmon are
marine forms which, in accordance with their anadromous instincts,

come into our fresh waters to breed, as does the Shad, may or may
not be correct. The reasons which have induced me to adopt these
views I do not propose discussing in this paper ; but I would point
out that as the descent to the sea is not indispensable to the deve-
lopment of eggs, it therefore cannot be a physiological necessity, and
perhaps we may class it among many other instances as "inherited
instinct."

I have formerly shown that the milt of a young parr (hatched
1881 and milted in 1883) has insufficient vitality to properly fertilize

1
I received the following telegram yesterday, Dec. 1st, 1SS4, from Howie-

toun :
—"Two of the grilse spawned to-day, en a perfect; kept one female as

evidence.'' This alludes to one being placed in spirit for future examination
by anybody who may be dubious.

2 Perhaps if these fish are kept another year in earth-ponds with a gravel
water-course leading to them, more success will be obtained.
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the ova of Trout, as the young suffered from dropsy, and on August

28th only about 100 (out of some thousands hatched in February

1884) were still alive. Many still moved about in the zig-zag

manner of their younger days, and most appeared weakly ; one, how-
ever, was 2 inches in length. Great care had been taken in feeding

them, otherwise none would have remained, while in a state of

nature such fish would soon have been destroyed. OnNovember 14th

these fish seemed to be doing well ; one, 2| inches long, is on the

table ; it has eleven parr-bands and several short intermediate ones,

while it has only eleven rows of scales on a line from the adipose

dorsal to the lateral line
l

.

So far I have shown that parr and smolts and grilse come from a

common origin, that milt and ova may be present in them without

their having gone to the sea ; while the probable reason that the

male parr has milt 2
at the early period of October or November is

because it is at that time that the grilse deposits its ova 3
.

Should the milt of Salmon-parr be employed to fertilize Trout-eggs,

what will be the result ? These experiments at Howietoun, as I

shall now show, have so far gone to demonstrate that the offspring

are sterile.

November 25th, 1879, some eggs of the Lochleven Trout were

fertilized from the milt of the Salmon, and up to this time all which
have been observed have been sterile. I saw several on November
14th at Howietoun, pond no. 11, the largest being 16| inches long,

but all were sterile.

On August 26th, 1884, a hybrid 6^ inches in length was taken

1 On April 30th, 1883, Mr. Douglas Ogilby captured a young Salmon in a

lake which has no access to the sea. Its abdomen was so distended that he con-

sidered that it would have spawned within a few days, the more so because it

was taken at the mouth of the only stream which enters the lake (Lough Ash,

Co. Tyrone). The way in which the fish obtained access to this place was, that

two years previously Mr. Ogilby took about 100 Sea-Trout and Salmon Smolts

and turned them in. The lake is also curious in this respect, that in the dozens

of other small lakes about these mountains, the Trout average about three to the

lb., while here there are some of as much as 151b. weight. On April 24th, 1884,

I examined this specimen (at Mr. Douglas Ogilby's re quest) at the Natural History
Museum. It was a Salmo salar 14"5 inches long, with its abdomen much dis-

tended with ripe ova ; these measured 025 of an inch in diameter, but they are

compressed one against another forming lateral facets. There are 11 rows of

scales between the adipose dorsal and lateral line, and 4 teeth en the front end
or head of the vomer. Tail black. Did not examine pyloric casca, as to do so

injury must have been done to the ovisac.
2 That milt of parrs will fertilize Galmon-ova, has been shown by Shaw, pro-

bably from such as are in their third season. Fertilizing Lochleven eggs with

parr a year older than employed last year has been tried this season at Howie-
toun.

3 The sea-trout ascend the streams near Stirling to breed at the same time as

the grilse, but when I was at Howietoun the water-courses were rather full,

owing to rains. However, on November 13th a frost set in, and keepers were
sent to obtain some sea-trout for breeding-purposes, for with a frost the brooks

&c. subside, because the rills and small affluents are frozen ; from the same cause

the temperature of water in the streams usually rises two or three degrees.

Although two pairs of small sea-trout were observed at their redds the fishers

failed in capturing them.
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from the Octagon pond at Craigend. These fish were raised from the

eugs of Lochleven Trout, fertilized by Salmon -mi It December 24 th,

1881, and hatched March 9th, 1882. The specimen was a barren

female, the ovisac 1 inch long, and 0' 15 of an inch wide and very

thin. Colours —dorsal fin with 3 rows of black spots along its base.

On November 14th, 1884, the pond was again drawn, but all the fish

appeared to be sterile. One specimen, 10 inches long, was removed ;

it had 37 cascal appendages, which were well loaded with fat; its colours

were silvery with black spots, while the parr-bands were still visible :

it was a sterile male. These fish have not shown the tendency to

jump out of the pond -as seen in the young Salmon, which at this

age are fertile, as are also hybrids between Trout and Char, and
hybrid Char a year younger. As all live at the same place, the

supposition is raised that sterility is the rule in hybrids between

Salmon and Trout, and if so, such must prevent the continuation of

such races in rivers.

November 14th, 1884, about 12,000 Lochleven-Trout eggs were

fecundated with the milt of three parrs and smolts, the smallest

being 10 inches long, the middle-sized one 11, and the largest 12 :

the last had the parr-bands still visible. The eggs were placed in

box no. 1 of the hatching-house. It will be interesting to ascertain

if dropsies will occur, as they did last year when the male was a

season younger ; while it seems probable that Shaw's fish, ten inches

long, which were successfully employed to fertilize Salmon -ova, must
have been of the same age as these.

August 28th, 1884, a hybrid 6| inches in length was removed
from fish-culture pond no. 3 at Howietoun. This pond is 20 feet long

by 5 wide, and contains about 36 inches of water ; it is of the same
size as pond no. 4. Of these fish about 190 existed at this date,

and all were in excellent condition. They are the progeny of Loch-
leven-Trout eggs which were fertilized by the milt of the American
Char, Salmo fontinalis, on November 15th, 1882. The appearance

of these fish was most striking and due to their bands ; the race for

distinction's sake was named and will in future be termed the

Zebra 1

, in order to distinguish them from the other hybrids (Plate

LVI. figs. 1 & 2).

The following is a description of a specimen removed from the

pond : —
B. x. D. 13 (-&). P. 13. V. 9. A. f. C. 19.

L. 1. 128. Caec. pyl. 39, longest £inch.

inches.

Total length 67
Length of head 1-5

Length of pectoral fin TO
Length of ventral fin - 8
Length of caudal fin 1-0

Height of body I -o

Eyes, diameter of 03
1 See Proc. Zool. Soc. p. 376 ante.
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inches.

Eyes from end of snout 0-4

Eyes apart 1
'5

Distance from snout to dorsal fin 2'8

Distance from base of pectoral to base of ventral fin. . 1*3

Distance from base of ventral to base of anal fin . . , . 1*2

Teeth —in a transverse row across the head of the vomer, followed

by three more teeth placed in a single series along the anterior half of

the body of that bone ; this form of dentition being identical with

what has been previously described in other specimens, and showing

either that deciduous vomerine teeth may exist on the body of the

vomer in Char crossed by Trout : or else, that instead of a double

row of teeth along the body of the vomer, as seen in Trout, they

may be reduced to a few placed in a single row should such fish be

crossed with Char. Scales —22 rows pass from the base of the

adipose dorsal downwards and forwards to the lateral line. Colours —
yellowish shot with purple and reticulated with irregular black

bands, spots, and markings along the body, but most spotted on the

upper surface of the head and back ; a few dark marks also on the

sides of the head. Dorsal fin yellow, with black spots and irregular

bands, the upper portion of its anterior edge being rather light with

a dark base. Adipose dorsal with a black base and two black spots

one above the other. Pectoral black-tipped. Anal with the three

first rays white, posterior to which the fin is stained with dark grey,

especially in its outer portion. Caudal dark-edged, and with a few
indistinct bars at its base. On opening the specimen, it was found

to be a male with the milt very fully developed.

November 12, 1884. —Pond no. 3 at Howietoun was examined,

and the females of the Zebra race were not quite ready for breeding,

while they appeared to be fewer in number than the males, some of

which were ripe. A female Lochleven Trout furnished 1350 eggs,

which were fertilized by the milt of one of the Zebras 8| inches

long, and placed in box 92 a. Should these eggs prove fertile the

young will be three parts Lochleven to one part American Char.

August 28, 1882. —A hybrid 7\ inches long was taken from
pond no. 4 at Howietoun from among about 90, all being in good
condition. These fish are the progeny of an American Char milted

from a Loch-Rannoch Char 1 November 15, 1882, and formerly

termed Salmo struanensis, a dark variety of the common Char.

These hybrids are now distinguished as the Struan breed. The
following is a description of the specimen :

—

B.xi. D. 13 (f ). P. 13. V. 8. A. f. C. 19. L. 1. 158.

Csec. pyl. 37.
inches.

Total length 7'3

Length of head 1*5

1 The three Loch-Rannoch Char died during this summer. It would appear
that at Howietoun the American Char at fiye years old has ceased to be com-
mercially paying as a breeder, while some even at four years old show signs of
senility.
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inches.

Length of pectoral fin 1*2

Length of caudal 1*2

Length of ventral 09
Height of body 1-9

Eyes, diameter of 0*3

Eyes from end of snout 04
Eyes apart 05
Distance from snout to dorsal fin 3'0

Distance from pectoral to base of ventral . 2'2

Distance from base of ventral to anal .... 1'4

The lower jaw slightly deformed, being unnaturally shortened.

Teeth —in a transverse row across the head of the vomer, but more
along the body of the bone. Scales —23 rows pass from the base

of the adipose dorsal fin downwards and forwards to the lateral line.

The dorsal, anal, and other fins are much more developed in these

pure Char hybrids than in the Zebra, wherein the Char is crossed

with a Trout. Colours of a beautiful iridescent purple, with 13

transverse or parr-bands along the sides ; the whole of the body
covered with small light spots, none on the fins. Anterior edge of

the dorsal, ventral, and anal white, also the outer ray of the pec-

toral. A few dark marks along the base of the dorsal fin , all the

fins darkest at their outer edges. On opening the specimen, it was
found to be a male with the milt very fully developed (Plate LVII.
figs. 1, 2).

November 12, 1884. —Pond no. 4 at Howietoun was again ex-

amined : the largest fish was 81 inches long ; most of the females

were not quite ready for breeding.

A female of the Struan breed gave 146 eggs, and these were
milted from a male of the same race ; consequently, if fertile, will

afford an instance of pure hybrid Char interbreeding. The diameter
of the eggs averaged 0'13 of an inch; they were placed in box 92 b.

4500 eggs were taken from two Lochleven Trout and milted

from a male of the Struan hybrid ; if fertile, this will give a pro-

portion of three parts Char to one part of Lochleven Trout. These
were placed in box 88.

The eight hybrids, the progeny of the eggs of the American
Char fecundated from a Lochleven Trout, are doing well, but are too

few in number for a specimen to be yet taken. They much resemble
the Zebra breed, and are termed the Leopards.

It will be as well to again allude more particularly to the very

erroneous opinion which was given prominence to by Harmer, in a
paper read before the Royal Society, May 28, 1 767, who observed

that " it appears that the size of the eggs is nearly the same in

great and small fishes of the same species at the same time of the

year," and which has continued to be almost universally believed in
;

for we still see Dr. Gunther's statement (1880) respecting Teleo-

stean fishes that "the ova of large and small individuals of the

same species of course do not differ in size" is being referred to as

Proc. Zool. Soc—1884, No. XL. 40
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correct. The fish-culturist knows that larger eggs produce better

fish, and larger eggs are generally, not invariably, the produce of

older parents up to the acme of their prolificness.

I observed (P. Z. S. 1884, p. 28) how young hatched from larger

eggs or those of older parents gave more quickly growing offspring

;

and this year a second experiment was made in the same two ponds.

On August 27, 1884, I found the young fish of about the same size

in both localities, which had been stocked this year with young
Lochleven Trout bred from parents of the same age spawned the

same day, and hatched in same room. On November 12, the two lots

were still of about the same-sized fish. Near the ponds I observed a

Kingfisher {Alcedo ispida) flying off with a young Trout ; I mention

this as the bird is rare in these parts.

The following are some of the measurements of fish-eggs made
during November 1884, at Howietoun :

—

Salmo salar, grilse l^lb. weight ; diameter of each egg - 21 of an inch.

„ fario var. levcnensis, 8 years old ; diameter of each egg - 20 „

») » >j * a >) v *& jj

)) I! >: I) J)
U'JJ „

>> .. >! 6 ,, „ 018 ,,

)» j) n *-* )> ij u 1 / ,,

„ fontinalis 4 „ „ 0-18
,,

11 11 & jj }> O 1 i „
Hybrid Char 2 „ „ 0-13

It may not be amiss to here remark that not only is there a

general increase in the size of the eggs of Salmonidse with age, but
also that there is a variation as to the size of the individual eggs in

fishes. It is not infrequent to observe the first few eggs produced
are what are known as " wind-eggs," being the empty shells of
some from the preceding year ; occasionally these are white and
hard. Also there are sometimes very large wind-eggs which are

passed as the last of the year's ova, such being apparently distended,

and probably diseased forms, occasionally of very large size, and
sometimes several having a membranous connection one with another
and with the ovisac.

Eighty eggs of a Lochleven Trout were spawned direct into a glass

tube on November 14, where they were kept in water for a week, at

the end of which time 75 were 0"2o of an inch each in diameter, three

were 0'20 of an inch, 1 was 0'75 of an inch, and one was 0"15 of

an inch.

August 14, 1 received a brace of Brook-Trout {Salmo fario) from
Mr. Arthur, of Otago, which were sent by S.S. ' Tongariro ' in the
refrigerating chamber, and which duly arrived in excellent condition.

Their dimensions were as follows :

—

Male 21 lb. weight. Female 15 lb. weight,

inches. inches.

Total length 32-0 30-5

Length of head 8-0 6-0

Length of caudal fin 4*0 3*5

Height of body 8*5 8-0



1884.] HYBRIDS AMONGTHE SALMONID^. 589

Male 21 lb. weight. Female 15 lb. weight,

inches. inches.

Diameter of eye 0*9 0*8

Eye from end of snout 3*3 2'0

Eyes apart 2-6 2*0

Number of caacal pylori 52 52

Sexual differences. —The male had the milt well developed ; the

knob on the lower jaw large, and on the mouth being closed it

pressed against the palate. Colours of male : Generally of a blackish

colour, with numerous small and oval spots, most distinct on the

upper three fourths of the body, but some large ones along the

abdomen ; fins black. Colours of female : Spots larger than in

the male and some appear to be red, dark along the back, but not

so much so as the male ; belly silvery. Eggs well developed, aud

average 0*2 of an inch in diameter. Mr. Arthur says that it is

remarkable that the male, living in clear brilliant lake-water, was of

a black colour : it was netted along with sixty more males aud

females of about similar dimensions. The outline of the back is

" hog-backed " between the head and the dorsal fin, while the

belly is very full, the tail slightly truncated, the other fins of the

usual size, and the adipose very large. The longest pyloric caeca in

each fish were 3 inches, the shortest 1 inch.

Male. Female.

Premaxillaries, extreme length of limb 2'0 inch. 1*J inch.

,, number of teeth in each 9 6

„ size of largest teeth 025 inch. 045 inch.

Maxilla, its extreme length 36 „ 2 ,
b" ,,

,, its extreme width 05 ,," 025
„ no. of teeth in each 21-24 13

„ size of largest teeth 015 inch. 0-15 inch.

Mandible, no. of teeth each side 15 14
„ size of largest teeth P 25 inch. 0'17 inch.

Vomer, no. of teeth 2
Tongue, no. in each row 4 3

In the male there was as a rule a second or new tooth adherent to

the gums along the inner side of each in the premaxillaries ; the teeth

in the maxillae were irregularly placed, in more than one row in

places, and with new ones in the gums. The two vomerine teeth were

in a transverse row across the head of the bone ; there were from
14 to 16 in each palatine. In the lower jaw the teeth were curved

somewhat inwards, and the most posterior ones somewhat backward.

The skin of the back was thickened and similar to what is generally

perceived in old males in the breeding-season. Of course there

are no means for ascertaining the precise age of these Trout ; but

the fact must not be overlooked that these fish are the progeny
of eggs sent by Messrs. Buckland and Francis from Hampshire
aud Buckinghamshire streams, and which could not exceed fifteen

years of age, while their appearance coincides with wbat would be

termed Salmo ferocc in Scotland or Ireland. I may here allude to

the csecal appendages, respecting the number of which as consti-

40*
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Fig. 1.

Head of male Otago Trout.

Fig. 2.

Head of female Otago Trout.
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tuting species so much unnecessary discussion has arisen, and state

that Mr. Arthur lately observed on the examination of 21 females
and 7 males, that the females possessed from 33 to 61, with a mean
of 47 '3, and the males from 37 to 55, with a mean of 48 -

7. These
two specimens each had 52. This is in fact a further corroboration,

were any needed, that these appendages are not constant in number
but variable.

In the female there were not so many young teeth coming
forward as were seen in the male, while, if the figures of the two
heads are compared, it will be seen that the length of the head in

the male is elongated beyond what is perceived in the female, solely

in the space anterior to the nostrils.

Head of Lochleven Trout.

This brings me to a short consideration of the hook on the lower
jaw of male Trout ; and as it has been so confidently stated by
Dr. Giinther of the Lochleven Trout, " Snout of moderate length,
conical, not much produced in the male sex, in which a mandibular
hook has never been observed" (Catal. Fish. vi. p. 101), I produce
an example demonstrating this hook (see fig. 3), differing, it will be
seen, from what occurs in the large Otago specimen, in that the hook
is here in front of the upper jaw when the mouth is closed. The
specimen was reared at Howietoun from eggs taken at Lochleven in

1878, aud it had 69 caecal appendages.
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On November 14th I examined a male Lochleven ket, 20 inches

in length, its head being 4'2 inches long, tail-fin 1*8 inch and rounded

at its extremity, depth of body 4-2 inches; a considerable-sized

knob on the end of the mandibles, which, when the mouth is closed,

is outside the upper jaw but against which it rubs, and where it has

formed a sore. The posterior edge of the orbit is exactly in the

centre of the length of the head, while the length of the prenasal

portion of the head equals If the diameter of the eye, or is nearly

similar to what obtains in the female Otago Trout. This instance

is given as a typical form of the Lochleven Trout, while the

heads of the Brook-Trout correspond with those of the Lochleven

variety.

It appears to meprobable that the sexual differentiation in the Trout

is similar to what occurs in the Salmon, wherein in large examples the

prenasal portion of the head equals the distance between the hind

edge of the preopercle and the hind edge of the orbit. But as these

proportions differ from what is seen in smaller, or rather perhaps

one should say younger examples, the following may be pretty

readily traced out in specimens.

After the second year, or when the fish commences breeding, a

knob appears at the end of the lower jaw, which knob yearly

increases in size at the breeding-season, until in /-years-old fish (as at

Howietoun) it is in advance of the upper jaw when the mouth is

closed, often forming a sore surface in front of the premaxillaries.

At such times the mandibles have increased in length proportionately

more than the bones of the snout ; thus the prenasal portion will only be

found to be one half of the comparative length to what obtains in old

fish, as seen in the Otago example. Here at Howietoun my ob-

servations had to be stopped, as fish over 7 or 8 years of age are

not kept, being somewhat sterile. But it is clear that in the very

large male specimen of which the head is figured the bones of the

upper jaw have grown so that, instead of the knob on the mandibles

being in advance of the upper jaw, it is inside the mouth.

In examining the Otago fish I found the mandibular hook half

an inch long, extending not only on the upper surface, but also on

the front and slightly on the inferior surface of the symphysis, while

superiorly it becomes received into a large depression, situated

between the ascending portions of the two premaxillaries, from the

sheath of which it is divided by the mucous membrane of the mouth
and soft lining of the palate. The two ascending portions of the

premaxillaries are not fixed one to the other, but can move freely

and be more or less easily separated ; while the membrane which
binds them down, although strong, is loose, permitting of con-

siderable motion. Consequently the hook, although it may press

against the palate, can do so without occasioning any injury, for the

parts give way before it. But of course if any irritation occurs at this

spot and ulceration supervenes, the hook 1 might pass through and

appear on the upper surface of the head. When this takes place,

1 Whether this hook ever falls off, or ulcerates off, or is partially or wholly
absorbed after each breeding-season, I have no personal knowledge.




